Purpose The cancer survival was characterized by following up sampled subgroups of cancer cases from three population-based cancer registries in Northeast China.
Introduction
Population-based cancer survival estimates reflect the general efficacy of cancer healthcare services and provide a key indicator of the progress in cancer control for a given region.
China has 3.09 million newly diagnosed cancer patients and 1.96 million cancer deaths each year, making effective cancer control an increasing challenge to the healthcare system in a country of 1.35 billion people [1, 2] . Forty-four registries from 19 provinces provided data on the cancer incidence and mortality in China in 2011 [3] , but population-based cancer sur-vival estimates are only available for three large cities (Hong Kong, Shanghai, and Tianjin) and one rural county (Qidong) [4] . A recent paper reported the first pooled-analysis of the cancer survival data of [2003] [2004] [2005] in China [5] , and found that Chinese cancer patients had a significantly lower age-standardized 5-year relative survival rate for all cancers combined (30.9%) and most individual cancers relative to developed countries, with a marked disparity in the 5-year relative survival rate for individuals in urban regions (39.5%) and rural regions (21.8%). On the other hand, the low population representativeness (approximately 2% of the national population) and the limited geographic coverage provided by the 17 registries make it difficult to generalize these numbers to other areas of China, particularly for urban regions, because it only examined three large cities (Beijing, Dalian, and Zhongshan); more studies from other cities are warranted.
Similar to other developing countries, the incomplete or inaccurate personal identity information in the death and cancer registry certificates or records make it difficult to perform a passive follow-up of cancer patients in China, a procedure that is common in Western countries [6, 7] . A study in India showed that passive follow-up alone results in a large upward bias for cancer survival estimates [8] . A high response rate is difficult to achieve when actively following up a large number of newly diagnosed cancer cases because this requires substantial finances, personnel, time, and other resources, particularly in China, which has approximately 3 million newly diagnosed cancers each year. Therefore, following up a sampled subgroup of a population-based cancer registry with passive and active follow-up methods may be a reasonable and cost-efficient method to estimate the cancer survival rates in the general population. Calculation of the age-standardized survival ratios (ASSR) makes it possible to estimate the survival rates of a target cancer population by following up the sampled cancer cases; these estimates are comparable to the survival data of other regions [9, 10] . Previous studies have used this method to estimate and compare the cancer survival rates in the Philippines [11, 12] . The aim of the present study was to provide the first estimate of the 5-year survival rates for 21 major cancers in the urban areas of Liaoning Province.
Materials and Methods

Cancer registry in Liaoning
The population-based cancer registry and death registry in the three cities of Liaoning Province was established by the Liaoning Provincial Center for Disease Control and Prevention (LNPCDCP) in 1982 and 1984, respectively. These registries used passive notification to register all cancer cases diagnosed in each city according to the Guidelines for Chinese Cancer Registration, which followed the rules of the International Agency for Research on Cancer. In the period, 2000 to 2005, the average annual incidence of cancer was 190 per 100,000 for males and 155 per 100,000 for females.
This study was approved by the ethics committee of Liaoning Provincial Center for Disease Control and Prevention.
Selection of patients for follow-up
To obtain representative and stable survival rate estimates for the major cancers in the urban population of Liaoning Province, randomly sampled subgroups of the 21 most common cancers from three of seven registries (Shenyang, Anshan, and Benxi) were actively followed up. These registries were selected based on the representativeness of socioeconomic development, quality of medical service, and population size.
The cancer registry database of three cities from 1 January 2000 to 31 December 2002 revealed 32,877 incident cases. The most common 21 cancers (accounting for 92.4% of all cases) were selected for the analysis (30,384 cases). This study used a sampling procedure similar to that used in following up subsamples of the cancer population in the Philippines [11, 12] 
Follow up procedure
A mixture of active and passive methods was used to follow up the survival status of the selected patients until December 31, 2007. First, the clinical follow-up notes were checked in each hospital where the patients had been diagnosed and treated to confirm the diagnosis and to collect vital information. Second, a passive follow-up was conducted by matching the selected cases with the records from the death registry database in the LNPCDPC. Third, all remaining cases were matched with the records in the personal identification card database from the police bureau of three cities, in which a unique PIN or a combination of personal identifiers were used by combining the first and last names, address, and date of birth. Fourth, an active follow-up by personal visits to the patients, their families, or work places at the last known place of residence/work was used to ascertain the survival of a patient whose status could not be confirmed by the record linkage.
The original sample of 21 selected cancers included 8,506 patients. The survival was traced and 6,871 cases (80.8%) were finally included in the analysis. The list comprised 4,908 patients who died and 2,352 who were alive as of December 31, 2007. A total of 1,635 cases were excluded from the analysis due to loss to follow up (n=985, 11.6%), notification by death certificates only (DCO; n=389, 4.6%), and problems in the final diagnosis (n=261, 3.1%).
Statistical analysis 1) Age-standardization of the survival rates
The relative survival rate was estimated as the ratio of the observed survival rate to the expected survival rate. In this study, the expected survival probabilities were estimated from age-and sex-specific abridged life tables of the three cities using the Ederer II method [13] . A direct standardization method [9] was used to estimate the relative survival rates of all eligible patients, the weights were equal to the inverse of the sampling proportion for each stratum of age and sex of the cancer in the corresponding database. The International Cancer Survival Standard weights [14] and the estimated incident cancer cases from developing countries in 2002 [15] were used as the standard cancer populations to calculate the ASSRs. This allowed a comparison of the present results with those of other countries or other areas in China [5, [16] [17] [18] . All statistical analyses were performed using a specific program for the cancer survival in SAS software ver. 9.1 [19] . Difference: rate differences between Liaoning and Hang Kong [17] and Incheon, Korea [20] .
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Results Table 1 lists the numbers and percentages of the 21 most common cancers that were followed up. A total of 8,506 sampled cases were included, which accounted for 28.0% of the 30,384 cases of the 21 major types of cancers registered during 2000-2002 in the three cities of Liaoning. The sampling rates ranged from 6.5% (lung cancer) to 86.1% (prostate cancer), and the overall percentage of cases registered as DCOs was 4.6%. The survival status of 985 cases (11.6%) could not be confirmed. Another 261 cases (3.1%) were excluded because the final diagnoses were benign, uncertain, or borderline malignancy; in situ (except breast and bladder cancer); or metastatic to the index organ from elsewhere. Thus, 80.8% of 8,506 cases sampled were included to estimate the survival probability. Table 2 lists the 5-year relative ASSRs adjusted to the age structure of each cancer in the original database. The most favorable 5-year ASSRs were thyroid cancer (83.7%), breast cancer (78.9%), uterine corpus cancer (76.5%), urinary bladder cancer (69.3%), and kidney cancer (59.9%). The least favorable 5-year ASRRs were for pancreatic cancer (8.6%), liver cancer (10.7%), esophageal cancer (17.8%), lung cancer (19.7%), and leukemia (20.5%). Females had better 5-year survival rates than males for most cancers, except for urinary bladder cancer, skin cancer, leukemia, lymphoma and multiple myeloma, pancreatic cancer, and rectal cancer. Table 3 [16] , and Incheon, Korea (1997 -2001 [20] ; all were adjusted to the estimated age structure of the incident cancer cases from developing countries in 2002 [15] . The patients from Liaoning had significantly lower survival rates than those from Hong Kong for all 15 comparable cancers, and these differences ranged from -2.5% (lung cancer) to -39.7% (prostate cancer). They also had significantly lower survival rates than those from Incheon, Korea for 11 out of 15 cancers, except for breast cancer, urinary bladder cancer, brain cancer, and lung cancer. [5] and Japan (1997) (1998) (1999) [21] . The 5-year relative ASSRs were comparable in the three cities and urban areas (three cities) of China, but were significantly lower than those of Japan.
Discussion
To the best of the authors' knowledge, this is the first report of the population-based cancer survival estimates of major cancers in Northeast China. Considerable effort was made to follow up 80.8% of the 8,506 sampled cancer patients. A total of 11.6% of patients were lost to follow up. This which is similar to two studies in the Philippines, which had follow up rates of 78.0% and 77.9%, respectively [11, 12] . A total of 6,871 patients were included in the final analysis, and 4,519 (65.8%) of these patients died by the end of the followup. A passive follow-up by linkage to the death database only confirmed 2,434 of the 4,519 deaths (53.9%). Additional follow-up (checking the medical records in hospitals: 340 deaths; personal identification database, 1,239 deaths; and home visits, 517 deaths) confirmed another 2,096 deaths (42.7%). This supports the findings of a study in India [8] in that the use of passive case follow-up alone will lead to a serious upward bias for the cancer survival estimates.
The developing country 2002 weighted 5-year cancer survival rates for Liaoning cities were significantly lower than that of Hong Kong [16] for all 15 cancers (Table 3) [16] , the real difference in cancer survival rates between these two regions should be considered an underestimate. These results are also consistent with the findings that China had significantly lower cancer survival rates than developed countries [5] . China has substantial inter-and intra-regional inequality in socioeconomic development, healthcare coverage, and healthcare affordability [22] . Wide differences in cancer survival rates can be found between countries or regions with different gross national incomes (GNI) per person [23] . Therefore, the finding that the cancer survival rates are best in Hong Kong, intermediate in urban China and Liaoning cities, and poor in rural China [5, 16] , or best in Hong Kong, intermediate in Shanghai, and poor in Qidong [16] [17] [18] (depending on the type of cancer) is expected because this reflects the per person GNIs of different regions of China. This reflects the large differences in the efficacy of cancer control and treatment in a country with serious healthcare inequalities [22] . Compared to the results of a recent population-based study in China [5] , three Liaoning cities and urban China overall (three cities) had similar 5-year survival rates for all cancers combined (43.2% vs. 39.5%) as well as for individual cancers, but all were significantly lower than the corresponding rates of Japan [21] . This highlights the need to obtain reliable estimates of the cancer survival rates by following up a sampled subgroup of a population-based cancer registry with passive and active follow-up methods in developing countries, such as China, India, and the Philippines [4, 8, 11, 12] .
As expected, significantly decreasing cancer survival rates with increasing age and stage at diagnosis for all cancers were observed (data not shown). A few organized cancer screening programs in Liaoning Province operated during the period covered by this study. A 2009 survey by the present author (unpublished) showed that only 9.2% of citizens over 18 years of age in Liaoning province have ever participated in cancer screening examinations in the past 5 years. In addition, 14.2% of breast cancer patients, 17.6% of cervical cancer patients, and 25.8% of ovarian cancer patients were at stage I at diagnosis, which is significantly lower than the rates for Hong Kong (22.2%, 31.9%, and 42.0%, respectively) [24] [25] [26] . The lower cancer screening rates and delayed diagnosis for patients in the present study provides striking evidence that the lack access to quality healthcare contributes to the significant inequality in survival rates for different regions of China [2, 5] .
Previous studies showed that the standard treatment protocols provide the best treatment based on previous clinical trials and that the centralization of hospitals for the diagnosis and treatment of cancer is associated with the better delivery of appropriate therapies [2] . A survey of six cities of Liaoning Province in 2004 showed that only 32.5% of all cancer patients received standard therapy, ranging from 3.6% for gallbladder cancer to 52.6% for breast cancer between 1991 and 2000 [27] . This was significantly lower than the corresponding rate of 82.2% in Shanghai [27] . Large variations occurred in the introduction and implementation of standard therapy protocols for different types of hospitals: 46.8% for cancer specific hospitals attached to municipal hospitals, 33.5% for cancer departments of hospitals at the municipal or county levels, and 3.3% for other hospitals without cancer departments [27, 28] . The lower levels of standardized and centralized treatment are related to the limitations in personnel, training, facilities, management, and economic factors, which likely contributed to the lower cancer survival rate in Liaoning Province.
Some limitations should be considered in interpreting these cancer survival estimates. First, the 5-year survival rates for 21 major cancers were estimated by following up a sampled subgroup of a population-based cancer registry, rather than all cases in the registry. On the other hand, the random samples from the population-based registries should reasonably represent the distribution of all cases in the registry. Compared to the large bias introduced when using passive follow-up alone in places with limited resources, such as China and other developing countries, it is believed that following up a sampled subgroup using passive and active methods together provides a higher response rate and a more reliable estimate [8, 11, 12] . Although sampling errors would bias the estimations to some extent, the use of age standardization and assessments of the relative survival reduce the impact of age differences and make the survival estimates more comparable with other data. Therefore, the present results can serve as a baseline for subsequent comparisons that seek to assess any improvements in cancer survival. Second, although considerable efforts were made to actively follow-up the sampled patients, 391 cases (11.6%) were lost to follow-up for a variety of reasons, primarily high population migration and mobility. The cases lost to followup were assumed to have not received better treatment than those who were traced, so the reported survival rates should be considered as overestimates. Third, the information on the distribution of cancer stages was incomplete and not fully comparable for most cancers in the four cancer registries. This limited the ability to explore the issues underlying the survival differences in more detail. Nevertheless, the pooled data for each group showed decreasing survival rates with increasing stages for all cancers, adding strength to the data quality in this study.
The remarkably lower cancer survival rates in the urban areas of Liaoning Province relative to Hong Kong, Korea, and Japan highlight the need for urgent and adequate investment in comprehensive cancer control for Liaoning Province. In addition, to improve the accessibility and affordability of healthcare services for the general population, efforts are needed to improve public and professional awareness, early detection, and prompt treatment using standardized and centralized care. Provincial cancer-control policies should focus on balanced investments in the prevention, early detection, and treatment of the most common cancers, and should also improve the completeness of the populationbased cancer survival statistics using passive and active methods. Considering the limited resources and the difficulty in rapidly improving the quality of the cancer registry and population database, a high-quality active follow-up of sampled cases is a reasonable, cost-effective, and reliable method for estimating cancer survival in China and other developing countries.
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